formulaic sequences more generally, influences processing, with more frequent combinations being processed more quickly (Siyanova-Chanturia, Conklin, & van Heuven, 2011; Wolter & Gyllstad, 2013) .
Researchers have also explored the role of different L2 input conditions on the processing of collocations. Sonbul and Schmitt (2013) compared the effects of three treatments (enriched, enhanced, and decontextualized input) on the collocational competence of learners of English as a second language (ESL). For explicit knowledge, they observed an improvement in both receptive and productive tests for all treatment conditions, but for implicit knowledge no gains were found. Peters (2012) examined L2-German learners' acquisition of words and formulaic sequences as dependent on an instructional method (directing learners' attention through instructions) and input enhancement (bolding and underlining). In a form recall test, input enhancement led to gains in learners' knowledge, whereas the instructional method did not seem to affect their results.
The present study brings together a number of questions that have been prominent in the literature by examining the short-and long-term effects of two different input conditions on ESL learners' processing of L2 collocations, as well as exploring the influence of frequency and collocational congruency.
STUDY
The study used two treatments: rote rehearsal (RR) and enhanced rote rehearsal (RR plus). RR was based on previous research (e.g., Hummel, 2010) and relied on the repetition of first language (L1) and L2 collocations. RR plus was the same treatment but included input enhancement, in the form of underlining, which aimed at increasing the graphical salience of collocations. The study tested the following hypotheses:
1. RR and RR plus improve ESL learners' processing of L2 collocations. 2. RR plus leads to greater gains than RR. 3. Irrespective of method, frequent collocations are processed more efficiently than infrequent collocations.
METHOD Participants
Twenty-six (8 males and 18 females; age: M = 27; SD = 5.17) L1-Polish participants living in the United Kingdom were recruited for the study. They were all advanced learners of English, as demonstrated by the results of Schmitt, Schmitt, and Clapham's (2001) Vocabulary Levels Test (see Table 1 ).
Instrumentation
The study included three sessions: a pretest, a treatment with an immediate posttest, and a delayed posttest. Eighteen participants were tested individually via an acceptability judgment task (Yamashita & Jiang, 2010) before and after the treatment. Eight learners formed a control group, as did an additional 14 native English speakers. These two groups only took part in the judgment task.
Materials
The experiment included 80 collocations: 40 adjective-noun (AN; e.g., warm welcome) and 40 verb-noun (VN; e.g., hold a raffle) combinations. They were divided into two counterbalanced lists in such a way that each of them contained 20 frequent (10 AN and 10 VN) and 20 infrequent (10 AN and 10 VN) combinations (see online supporting information).
All collocations were carefully matched, such that they all had similar length and high mutual information scores indicating strongly connected combinations (for a discussion of mutual information, see Manning & Sch} utze, 1999) . With regard to collocational frequency, frequent combinations occurred 79 times or more in the British National Corpus (BNC) (M = 380), while infrequent collocations occurred 30 times or less (M = 11). Additionally, the frequency of the individual words of the collocations was controlled. All nouns in the frequent combinations belonged to the first 3,000 most frequent words in the BNC (M = 6,612), whereas all nouns in the infrequent collocations represented low frequency levels (M = 198) . This was done to ensure that the two sets were sufficiently different from each other. Procedure DMDX (Forster & Forster, 2003) was used to measure participants' reaction times (RTs) and error rates (ERs). First, a fixation point was presented on a computer screen for 500 ms. Then, a collocation was displayed for 5000 ms and participants had to decide whether it was an acceptable phrase in English by pressing either a yes or no button. They were told to do this as quickly and accurately as possible.
Ten practice items were included before the experiment started. Participants were presented with 120 items: 40 target collocations and 80 fillers (e.g., quick glass, give development). The presence of these noncollocates ensured that the test was meaningful and that responses were not biased to a yes or no. Sonbul and Schmitt (2013) establish the need for careful sequencing of measures so that earlier tests do not contaminate later results. Thus, the treatment was conducted 2 weeks after the pretest to minimize practice effects. In the treatment itself, the target collocations were embedded in 40 short (10-12 words) sentences that contained only active, present-tense forms. Each sentence was displayed on the screen in two language versions and learners were asked to read both versions aloud. They had three seconds for each Polish sentence and six seconds for the English ones. Importantly, in the RR plus condition, all collocations were underlined as in the example below. This type of enhancement has been successfully used in Peters's (2012) research on formulaic language.
Example: Training stimuli, with collocation underlined in the RR plus condition.
Ta firma nie odnosi zysku z usług, kt ore oferuje. This company does not make a profit from the services it offers.
The whole treatment lasted about 12 min and ended with a short language background questionnaire. Next, participants were given the immediate posttest. Following Schmitt's (2010) suggestion that a delay of 3 weeks should be indicative of durable learning, the delayed posttest was administered after 6 weeks.
RESULTS

Reaction Times (RTs)
Mean RTs are reported in Table 2 . All incorrect responses were excluded from the RT analysis and analysed separately. Outliers longer than 5000 ms were excluded. Using this cutoff point, 4.71% of the pretest, 1.34% of the posttest, and 0.76% of the delayed posttest data were excluded. Because the data were not normally distributed, nonparametric tests were used. First, Wilcoxon tests comparing learners' RTs on the pretest, posttest, and delayed posttest were conducted. Both treatments resulted in significant differences between the pretest and posttest results for the frequent AN (RR plus: z = À3.28; p = .001; r = .78; RR: z = À2.98; p = .003; r = .70) and infrequent AN collocations (RR plus: z = À2.11; p = .04; r = .51; RR: z = À2.72; p = .006; r = .64). As far as the VN collocations are concerned, only the RR condition reached significance on the infrequent items (z = À2.44; p = .02; r = .59). For comparisons between the pretest and the delayed posttest data, only the RR plus condition revealed significant differences on the infrequent AN (z = À2.77; p = .006; r = .68) and infrequent VN collocations (z = À2.07; p = .04; r = .49). However, these results did not differ from the control group where RTs also decreased, which means that no claims about long-term effects of the treatment can be made.
Second, given that both RR plus and RR led to shorter RTs on the AN collocations, their effectiveness was compared. No significant differences between the two conditions were found: (frequent AN: z = À1.07; p = .27; r = .25; infrequent AN: z = À0.92; p = .36; r = .22). Moreover, Mann-Whitney tests were run to compare learners and NSs. The pretest results showed that NSs were significantly faster than learners in both the RR plus condition (frequent AN: U = 62; z = À2.43; p = .02; r = .43; infrequent AN: U = 39; z = À3.18; p = .001; r = .56; frequent VN: U = 58; z = À2.58; p = .01; r = .46; infrequent VN: U = 35; 
RR plus N = 18 z = À3.46; p = .001; r = .61) and the RR condition (frequent AN: U = 58; z = À2.58; p = .01; r = .46; infrequent AN: U = 54; z = À2.74; p = .006; r = .48; frequent VN: U = 60; z = À2.51; p = .01; r = .44; infrequent VN: U = 37; z = À3.26; p = .001; r = .58). Immediately after the treatment, these differences disappeared in both the RR plus and RR conditions. The only exception was the infrequent VN collocations in the RR condition where NSs were still significantly faster than learners (U = 72; z = À2.05; p = .04; r = .36). The delayed posttest revealed that the knowledge of the VN collocations was not retained-learners were again significantly slower than NSs in both the RR plus condition (frequent VN: U = 54; z = À2.74; p = .006; r = .48; infrequent VN: U = 66; z = À2.28; p = .02; r = .40) and the RR condition (frequent VN: U = 45; z = À3.08; p = .002; r = .53; infrequent VN: U = 67; z = À2.24; p = .03; r = .40). Third, Wilcoxon tests were conducted to compare participants' RTs on the frequent and infrequent collocations. During all the sessions, the former were processed significantly more quickly than the latter in both the RR plus (pretest VN: z = À3.57; p = .001; r = .08; pretest AN: z = À3.37; p < .001; r = .87; delayed VN: z = À2.03; p = .04; r = .48) and RR (pretest VN: z = À2.86; p = .004; r = .07; pretest AN: z = À3.59; p < .001; r = .85; delayed VN: z = À3.38; p = .001; r = .80; delayed AN: z = À3.29; p = .001; r = .80) conditions. The only exception was the delayed posttest data on the AN collocations in the RR plus condition, which failed to reach significance (z = À1.85; p = .06; r = .44).
Error Analysis
As Table 3 demonstrates, error levels on the pretest were relatively low and comparable for learners and NSs. Thus, there was little room for improvement resulting from the treatment. Despite apparent gains on the infrequent collocations, no claims about learners' improved accuracy can be made, because the experimental groups did not differ significantly from the control group that also improved: RR plus (AN: U = 66; z = À0.43; p = .67; r = .08; VN: U = 49.5; z = À1.53; p = .13; r = .03) and RR (AN: U = 55.5; z = À1.33; p = .18; r = .26; VN: U = 65.5; z = À0.4; p = .69; r = .08).
When the experimental conditions were compared, no significant differences were found. The only exception to this was in the immediate posttest data, where the infrequent VN collocations elicited significantly fewer errors in the RR condition compared to the RR plus condition (z = À2.12; p = .03; r = .51). However, this improvement was short term, as the delayed posttest data did not reveal this difference (z = À0.91; p = .37; r = .21).
Frequency of collocations was found to influence the error rate. The pretest data revealed that in both conditions learners' errors for the infrequent collocations were significantly higher than for the frequent collocations: RR plus (AN: z = À2.88; p = .004; r = .70; VN: z = À3.22; p = .001; r = .76) and RR (AN: z = À3.25; p = .001; r = .77; VN: z = À3.07; p = .002; r = .72). When the same comparisons were made after the treatment, the delayed posttest data revealed that these differences were no longer found: RR plus (AN: z = À1.6; p = .11; r = .38; VN: z = À0.82; p = .41; r = .19) and RR (AN: z = À0.45; p = .66; r = .11; VN: z = À1.63; p = .10; r = .38).
DISCUSSION AND CONCLUSIONS
This study examined ESL learners' processing of AN and VN collocations following two different instructional treatments: RR and RR plus. Both treatments led to more effective processing of collocations, as demonstrated by faster RTs for the frequent and infrequent AN collocations. The fact that VN collocations did not demonstrate an overall benefit from the treatments indicates differences in L2 learners' processing of different types of collocational patterns. This is likely to have been caused by L1-L2 congruency effects (30 out of 40 VN vs. 1 out of 40 AN were incongruent collocations). Previous research (Wolter & Gyllstad, 2011; Yamahita & Jiang, 2010) has demonstrated the difficulty of processing incongruent items by L2 learners. Our study seems to suggest that short repeated presentation, even with highlighting, is not enough to enhance L2 learners' performance on such items. 
Pretest 9.8 (0.6) 6.9 (3.3)* 9.3 (1.4) 6.4 (2.4)* Immediate posttest 9.9 (0.5) 9.1 (1.7) 9.9 (0.5) 9.1 (1.0) Delayed posttest 9.9 (0.5) 9.2 (1.7)* 9.7 (1.0) 9.4 (1.8)* RR N = 18 Pretest 9.8 (0.6) 6.5 (2.5)* 9.6 (0.9) 7.1 (2.4)* Immediate posttest 10.0 (0) 9.3 (1.0) 9.7 (1.0) 9.5 (1.3) Delayed posttest 9.6 (0.9) 9.7 (1.0)* 9.6 (0.9) 9.1 (1.2)* Control N = 8 Pretest 9.9 (0.4) 7.1 (2.1)* 9.6 (0.7) 7.1 (2.1)* Immediate posttest 10.0 (0) 8.6 (2.0) 9.8 (0.5) 8.6 (1.8) Delayed posttest 9.9 (0.3) 9.5 (0.8)* 9.6 (0.5) 8.9 (1.6)* NS N = 14 9.9 (0.3) 9.4 (3.3) 9.9 (0.4) 8.5 (2.0)
Note. *p < .05. One point awarded for each correct answer (max score = 10).
Moreover, it should be stressed that the positive effects of the instruction seem to be short term, as the delayed posttest data revealed a decline in the participants' knowledge (higher RTs in the delayed posttest results). Thus, it appears that L2 collocational knowledge should be consolidated and recycled soon after it has been acquired if it is to be retained for longer periods of time. We second Durrant and Schmitt's (2010) call for research on the role of recycling in L2 lexical development. It is important to establish when it should be introduced in teaching programs so that learners are able to enjoy its long-term benefits. Sonbul and Schmitt's (2013) study, with posttests 2 weeks after their treatment, found that learners retained collocations at the explicit levels of mastery. Our study showed that with a short treatment (repetition of 40 sentences), L2 collocational knowledge had declined after 6 weeks. This suggests that the consolidation of such knowledge should take place 3-5 weeks after instruction; otherwise attrition will be evident.
Furthermore, similar gains in both the RR and RR plus groups seem to indicate that the repetition of L1 and L2 sentences containing the target collocations was the most important factor in facilitating learners' processing of them. It is likely that the use of both languages (L1-Polish and L2-English) contributed to the benefits of the treatment. Importantly, the lack of additional gains in the RR plus group shows that when there are repetitions and presentation of the L1 and L2, there is no further benefit of underlining. This is an interesting finding that betters our understanding of input enhancement, which might be effective only in combination with other types of treatment (Szudarski, 2012) .
Finally, the study demonstrates the importance of collocational frequency. We found significant differences between learners' processing of the frequent and infrequent collocations, with the former resulting in shorter RTs and higher accuracy rates. This adds evidence to a growing body of research (e.g., Siyanova-Chanturia et al., 2011) showing that L2 learners' processing of formulaic language is sensitive to frequency effects. Moreover, the accuracy analysis revealed that the L2 learners had achieved native-like levels for the frequent collocations. This shows that such combinations do not pose difficulty for ESL learners at a receptive level of mastery, which accords with Laufer and Waldman's (2011) assertion that "the real problem of collocations in L2 does not lie in recognition but in learning to use them properly" (p. 652).
In sum, the study provides empirical evidence for the short-term benefits of rote rehearsal in L2 learners' processing of collocations. Repetition was found to facilitate ESL learners' results, with the addition of input enhancement (underlining) not resulting in more gains.
The study also revealed that learners' gains were not retained after 6 weeks, which emphasizes the importance of consolidating the newly acquired L2 collocational knowledge. Lastly, the frequency and type of collocations were confirmed as two important factors that influence L2 learners' lexical development.
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